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ABSTRACT

This study was undertaken to test the tindings of
Dienes and Jeeves concerniny the strategies uscud by students to learn
matheaatical structures. The study also proposed to determine whether
students are consistent across structures and embodiments in the
strategies they use and the evaluations they give. One hundred
adolescent girls were given thrce experimental tasks in game playing
situationis. In eacl task the student manipulated an apparatus that
embodied a mathematical structure. The goal :as to learn the rules of
the yame so as to rake correct predictions about the outcome ¢l ¢ach
move, The tirst task, a Color Game, had been used by Dienes and
Jeeves ind was based on the Klein group. Task two, & &Hap Game, had a
netvorx structure. The third task, a Light Game, also eabodied the
Klein qroup Students! evaluations of how the gaae was played for the
two yroup structure tasks fell into three categurias--operator,
pattern, or memory. Evaluations of the network siructure jame were
catedorized depending on whether the student fccused on parts of the
netvorx ov considered it as a whole. The scequence of a student's
moves on each task ¥as taken as a measure of tne strategy she was
using. Findings supported Dienes and Jeeves conclusions that the
distribution of evaluations is ordered in decreasiny freqrency of
occurrence as pattern, mewvory, operator and in decredasing efficiency
as mneasured by the lengthk of play as operator, pattern, menory. [ Not
availaple in tardcopy due to marginal legibility of original
document. ] (Author/CT)
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An important research study that inciuded empirical observa-
tions of subjects learning mathematical structures and some avidence
of ragularities in their performance was carried out recently by
Zoltan P. Dienes and Malcolm A. Jeeves (1965). In their study,
strongly influenced by earlier work of Dienes (1959; 1960; 19€3;
1964) and the studies of Bruner, Goodnow and Austin (1956) and
Bartlett (1958), two groups of subjects -~ adults and children --
were presented with the task of identifying. the rules of games
embodying mathematical group structures. Dienes azd Jeeves clas-
sified the evaluations of the subjects into three groups and de-
vised a coding system to identify strategies used. Evidencs of the
existunce of a positive relationship between measured stratvgies and
sublects’ evaluaticns was reported. The study, Btrategies in Learning
Mathematicsl Structures was undertaken specifically to test their
findings concerning strategies and to determine whether subjects are
consistent across structures and embodiments in the strategies they
use and the evaluations they give.

EBach of the one hundred adolescent girls was given three
experimental tasks in game-playing situations. The tasks were
presented in three interviews with approximately two wecks batween
them. In each tagk the subject manipulsted an apparatus that
embodied a mathematical structure. The goal was to learn the rules
of the game so as to make correct predictions about the outcome of
each mova. The interviewer kept track of the subject’s moves in
learning the game, the predictions she made, and the evaluations
she gave of how the game worked.

The first task, & Color Game, had baen uged by Dienes and
Jeeves and was based on the Klein group. The second task, a Map
Game, had & network structura, The third task, a Light Game, also
embodied the Klein group. A more complete description of the firxst
and third tasks is given in Appendix A,

For the two group structure tasks, Dienes and Jeeves's scheme
was used for classifying subjects' evaluations -- their views of how
the game worked. Evaluations fell into three major categories,
Operator, Pattern, or Maemory, depending on whether sublects saw
their noves as operators, tooked for pstterns in the plays, or meraly
attenpted to memorize the plays. R.aluations of the network structure
game were categorired as oither Individual Roads or Detour Routes de-
pending whether tha subject focused on parts of the network or con-
sidered {t as a whole. A more cumplete description of the Operator,
Pattern and Memory Evaluations 1is given in Appendix B.
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The sequence of a subject's moves on each task was taken as a
measure of the stratery she was using, and strategy scores were
calculated from this sequence. Dienes and Jeeves's system was used
for the two group structure tasks. A strategy scoring system was
devised for the network structure task. A more complete description
of Dienes and Jeeves's strateqy scoring system is given in Appendix
c.

Distiibutions and cross-tabulations of the evaluations and the
strategy scores confirmed Dienes and Jeeves's findings that the
distribution of evaluations is ordered in decreasing frequency of
occurrence as Pattern, Memory, Operator, and in decreasing efficiency,
as measured by the mean length of play, as Operator, Pattern, Memoxry.
Other findings by Dienes and Jeeves, such as zevo correlation bet-
ween measures Of performance and intelligence and the existence of
a relationship between evaluations and strategies as measured by their
scoring system, were not supported. Consistency across tasks was most
pronounced for measures of success and failure., Evaluations showed
some consistency across tasks, especially across the two group
structure tasks. Strategies tended not to be consistent across tasks,
probably owing to inadequacies in the strategy scoring system.
Appendix D contains more information on some of these findings.
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Appendix A

The Klein Group Tasks

Mathematically, each of the tasks can be considered an operational
system. That is, each task consists of a set of elements on whizh a
closed binary operation is defined. During each task, each play a sub-
ject performs represents one outcome of the binary operation in the
system. The subject's goal is to learn all the rules of the game: that

is, the subject is to learn the outcome of every possible combination of

two clements in the set.
Color Game

The Color Game consists of two identical sets nf four cards, and a
board with a window in it that can be opened or closed from behind. The
window is constructed so that a card can be displayed in it. Each set of
cards contains a yellow card, an orange card, a blue card, and a green
card. The interviewer and the subjcct each have a set of cards. One of
the interviewer's four cards is initially displayed in the window. The
subject plays one of his cards by placing it in front of the window, and
the interviewer then closes the window and opans it again with one of
his four cards showing. Mathematically, the Color Game possesses the
structure of the Xlein group, the four-element group in which each ele-
men¢ is its own inverse. The elements of the group are the colors of
the four cards and the binary operation f{s playing a color against a
color appearing in the window. The outcome of the binary operation {s
the color of the card that next appears in the window, and this dependr
on the combination of the color of the card played and the coler of the
card 1in the window previously. Yellow {g the identity element. The
outcomes of all the binary combinations are illustrated in Table L.

TABLE 1

OUTCOMES OF PIAYING A CARD AGAINST
A CARD IN THE WINDOW

\ Card {n the Window

Card

Played
Yellow Orange Blue Green

Yr:1low Yellow Orange Blue Green
Orange Orarge Yellow Green . Blue
Blue Blue Creen Yellow Orange
Green | Green Blue frange Yellow
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Light Game

The Light Game consists of a closed wooden box, 16 inches square by
2 inches deep. A light bulb and a four-pole double thurow switch are
jocated in each corner of the upper face of the box. The bulb-switch
combinations are labeled Saturn, Mars, Venus, and Jupiter. The elec-
trical wiring for the game is enclosed in the box, with only a single
wire and plug exposed.

One of the four light bulbs is lit initially. The subject switches
any one of the four switches by moving the switch from one pole to the
other. This causes the light bulb that is lit to go out, and then one
of the four light bulbs to light.

Mathematically the Light Game is isomorphic to the Color Game. The
elements are the sets of lights and switches and the binary operation is
the combination of the set that is switched with the set that is lit. The
outcome of the binary operation is the set that lights next, and this
depends on the particular combination of the set that was switched and the
set that was 1lit previously. The set Saturn plays the identity role, which
Yellow plays in the Color Game, and Mars, Venus, and Jupiter behave in the
same way 23 Orange, Blue, and Green, respectively. The outcomes of all
the possible combinations are illustrated in Table 2.

TABLE 2

CUTOOMES OF SWITCHING A SET
WHEN A SET IS LIT

Set Lit
Set

Switched

Saturn Mars Venus Jupiter
Saturn Saturn Mars Yenus Jupiter
Mars Mars Saturn Jrpiter Venus
Venus Venus Jupiter Saturn Mars
Jupiter Juplter Venus Mars Saturn

ERIC . | 5
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Appendix B

Evaluations

The evaluations of the group structure games were classified into
the Operator, Pattern, or Memory types, or combinations of these,
according to the guidelines established by Diecnes and Jeeves. Dienes
and Jeeves discovered that for the Four-element group structures,
their subjects fell into one or a combination of the three evaluation
types defined as follows:

1. Operational Type

These subjects appeared to regard the card played as
operating on the card in the window, having the power to
alter this card.

2. Patcern Type

These subjects appeared to regard the game as divided
up into a certain number of sub-sections. They regarded
the card in the window and the card on the table as on the
same level. They described one part of the table at a time
as hinging together into a pattern. The whole table appeared
to them, by their reports, as a large pattern put together
sut of certain smaller patterns.,

3. Memory Type

These subjects stated that they merely memorized all
the different combinations.

Erxamples of statements included in a pure Operator evaluation
for the Color Game are:

The Yellow Card doesn't change the color of the card in the window.
The Orange Card changes Orange to Yellow, Yellow to Orange, Blue
to Green, and Green to Blue.

Similar statements for the Light Game are:

The Saturn switch doesn't change the set that is on. The Mars
switch changes Saturn to Mars, Mars to Saturn, Venus to Jupiter
and Jupiter to Venus.

Becausr of the arrangement of the iights and switches in the
corners of the square, examples of alternative Operator rtatements for
the Light Game are:

Saturn keeps the same light on.
Mars changes the light to the adjacent horfzontal one.
Jupiter changes the light to the diagonal one.

1. Zoltan P..Dienes and Malcolm A. Jeeves, Thinkirg in Structures,
[:I{j}:‘ (London: Hutchinson Educatfonal, 1965), p. 36.
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A pure Pattern evaluation, for both the Color Game and the Light
Gamwe, consists of breaking the game into three patterns that describe
the following regions of the table defining the iinary operation: the
S region, the same elemenl both played and displayed; the C region,
the identity elewent combined with one of the other elements either
played or displayed; and the T region, the combination of two distinct
elements neither of which is the identity element. Both four-groups
possess the property of commutativity. That is, the result of the
combinaticn of two elements iz the same regardless of which is played
and which is displayed. Thus the Pattern evaluations do not Jiffer-
entiate the card or set played from that displayed. In the Klein
group, any combination in the S region produces the identily element,
any combination in the C region produces the element of the pair that
is not the identity element, and any combination of the two distinct
non-identity elements in the T region produces the third element that
is not the identity.

Examples of statements included in a pure Pattern evaluation for
the Color Game are:

The Yellow card in combination with any other colored card re-
sults in the other color appearing in the window., (This repre-
sents the C-section of the table.) The combination of two of
the same colored cards results in yellow appearing in the window.
(This is tne S-section.)

For the Light Game, examples are:

Two of the same planets result in Saturn.
Any two of Mars, Venus, and Jupitex results in the third one.
(This {s the T-section.)

A pure Memory evaluation is simply the stating of all sixteen
binary combinations and their outcomes. If the commutativity property
is discovered, the number of combinations reduces to ten. Very few of
the subjects who did not give Operator or Pattern evaluations were
able to memorize all the combinations correctly. Many subjects gave
evaluations which were combinations of Memory evaluations and Pattern
or Operator evaluations. That is, they saw one or two patterns or
operators (in most cases they saw the role of the identity element)
and memorized all the other combinations. Subjects who gave a combina-
tion evaluation werc classified as such, for example, Pattern-Memory
or Operator-Pattern.

Every subject was classified according to what she said, whether
she was a success or a faflure. Some of the subjects wh> failed memor-
ized only a few of the combinations and their evaluations were classi-
fied as pure Memory. Others, nutably those who became frustrated and
asked to stop, gave storfes oi remarks that did not fit any definable
category. These evaluations were classified together as Other.

Usually these remarks contained references to cycles or sequences of
outcomes or asserted that the interviewer had changed the rules in
midstream. The distribution of evaluations for the Color Game and the
Light Game are given in Table 3.

~1



TABLE 3

DISTRIBUTION OF EVALUATICNS FOR THE
COLOR CAME AND THE LIGHT GAME

Evalusations Color Game Light Game
Operator 0 2
Operator-Pattern 13 13
Operator-Pattern-Memory 0
Operator-iferory 1 ' 4
Pattern 23 20
Pattern-/temory 15 20
Memory 37 28
Other 11 10
Total 100 100
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Appendix ©

Strategy Scores

Dienes and Jeeves developed a scoring system to measure the

behavior of subjects playing a game based ow a group structure. They
devised the following definitions for an Operator score and a Pattern
score to account for the corresponding evaluacions given by the subjects:

Operator Score. This is obtained by counting the total number
of cards played in runs of tlirce or more of the samc card being
played in succession, this number bejing divided by the total
number of freely selected instances.

Pattern Sccre. Runs of thres or more combinations from the same
section are counted towards the pattern score. Runs of three or
more combinations Irom the same section are counted if inter-
spersed by single corvect predictions from other sections. 1t is
not possible to generate any desired instance immediately after
any given instance... For these recasons a sectional run is still
counted as a run towards the pattern score if it is interspersed
by single instances correctly predicted, which do not belong to
the section from which the run is taken. This applies naturally
to every section, f.e. to C, S, and T.2

In explanation uf these definitions, Dienes and Jeeves say that:

It must be remembered that self-evaluations...are not neces-
sarily actual stretcgies used by the subjects. In order to check
how far these evaluatiins coincide with strategies used by the
subjects, the operator and pattern scores... were used. An
optimum operator sirategy would be to play the same card a number
of times until it was discovered what kind ot operation this
particular card induced on the wvindow. This is why long runs from
three upwards were scored as part of t'e operator score. Similarly'
the pattern scoving was donc on how fax the subjgcts kept to the
same part of the table while solving their task.

1. Dienes and Jeeves, p. 25.
2. 1bid., p. 27.
3. 1Ibid., p. 37.
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Appendix D

The Relationship of Evaluations and Strategy Scores

Underlying the present experiment was the expectation that there would
be a relacionship between the evaluations aud the strategy scores for suc~
cessfi1l subjects in the Color Game, It was also expected that this relation-
ship would be found in the Light Game since its structure is isomorphic to
tnat of the Color Game and it is played in & similar manner.

Dienes and Jeeves found "considerable evidence of the existence of 1
a pesitive relationship between measured strategies and subjects' evaluations,"
However, they do not report this evidence fully, They note that Operator eval-
uations and Operator scores were related at the

L% level as measured by one-tail t-test...,In

the operational group [subjects who gave either
an entirely operational evaiusation or a partly
operational cnel] seven out of eight subjects
scored above the median of the operator scores
for all subjects. In the non-operational grcup
seven out of twenty-one scored above the median.2

They reported similar findings for the relationship between Pattern or partial
Pattern evaluations and Fattern scores, but no data at all were given, To
determine the relationship Uctween eveluations and scores in boti: the Color
Game and "he Light Game, the methods used by Dienes and Jeeves were followed.
Successful subjects who gave either a pure or partial Operator eveluation

were differentiated from those successful subjects who did not, and both groups
were divided at the median of the Operatcr scores, The same procedure was
used in the case of the Pattern or partial Pattern evaluations and the Pattern
scores, In all cases there wern no significant differences found.

Consistency of Evalualions

In order to see if subjects were consisten® in their evaluations across
the group structure tasks, a distribution of all subject;' evaluations was
compiled (see Table &),

Tre table wes con.idered to consist of three parts. The cells that
meke up the principal diagonal depict the total number of subjects who were
consisten* in tieir evaluations across the group structure tasks; the cells
below this Jiegonal depict the total number of subjects who gave a higher-
order evaluation {the evaluations were ordercd Operator, Pattern, Memory in
order of decreasing c¢fficiency)}; and the remainirg cel.s, those above the di-
aronal, depict the fotal number of subject: who gave a lower-order evuluation,
the sums of thre nuwrbers in these parts, along with the sums of the expected
frequencies deteiminec from Tahle h, are shown in Table 5. The results
i1lustrate that there is ¢onsidurable consistency in subjects’ evaluations,

1Dienes and -Teeves, p, 7°. 1()



TABLE L4

EVALUATIONS OF ALL SUBJECTS ACROSS
THE COIOR GAME AND THE LIGHT GAME

Light Game Evaluations
Color
Game Operator Memory Total
Evaluations or Pure or Other
Partizl Pattern Pattern-
Operator Memory
Operator or
Partial 8 2 4y _ o] 14
Operator
Pure Pattern 4 12 7 o 23
Memory or
Pattern- 9 5 31 7 52
Memory
Other 1 1 6 3 11
Total 22 20 48 10 100
TABLE %

CALCULATION OF CHI-SQUARE FOR CONSISTENCY OF EVALUATIONS

ACROSS THE COLOR GAME AND THE LIGHT GAME

Frequency
Evaluations f
Observed Fxpected
Consistent on
Light Game 54 33.8
Higher Order on . .
Light Gane 26 6.8
Lowsr Order on
Light Game 20 29.4
o Total 109 100.0
ERIC |
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Consistency of Strategy Scores

Although the strategy scores were not related to the evaluation,
consistency of the strategy scores across the group structure tasks was
still analyzed.

A product-moment correlation of thie data gave correlations of 0. 45
for Operator scores and (. 14 for Pattern scores for ail subjects across the
Color Game and the Light Game. When the scores of the successful subjects
were analyzed, the correiations were 0.14 and -0. 18 respectively, These
results indicate that the Operator scores of all subjects across the Color Game
and the Light Game tend to be moderately correlated.

Further analysis showed that of the 32 subjecls scoxing atove the
median of the Operator score for each group structure task, only 7 were
successful on both, Thus rubjects who used an Qperator strategy on both
tasks were more likely to have fajled ¢ #ne ¢.. both than to have succeeded
consistently, Although the Operator evaluations were found to be the most
efficient, high Operator .ores do not indicate efficiency in terms of per-
formance. On the contrary, the relationship is in the opposite direction,

12



O

ERIC

Aruitoxt provided by Eic:

DOCUMENT RESUME

ED G49 061 SE 011 050

AUTHOR Shah, Sair Aali

TITLE Selected Topoloyical Concepts Taught to Children,
Ages Six to Niune.

INSTITUTION Georcia Univ., Athens.

PUB DATZ 71

NOTE 7p.; Paper present2d at the Annual Meeting of the

American Educational Resedrch Association (February
4=-7, 1971, New York City, ¥Y.Y.)

ECRS PRIC: EDRS Price MF-$0.65 HC-33.2Y

DEZSCRIPIORS *Elementary Schoel Mathermatics, Grede 1, Grade 2,
Grade 3, *Instruction, *Manipulative Materials,
*Mathemnatical Concepts, *Topoloyy

ABSTRACT

The research reported dealt with the ability of
first, second, and third grade students to vnderstand the topological
concepts of solids, sheets, lines, networks, and of order and
betweenness. The concepts were presented through the use of
manipulative materials. The instruction was conducted by the regular
teachers for a period of three weeks atter which test iteams in
workbooks completed by the students, were used for obtaining data.
The achievement of each class on each item was tabulated, and
ditferences in perforrance are discussed. The author concludes that
the material presented seens suitable for children in the age range
studied. (JG)
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Selected Topological Concepts Taught to Children, Ages Six to Nine

Sair Ali Shad, University of Georgia, 1871

Introduction

The reactions of some children in grades one through three were
ubtained, to some concepts in "Intuitive Topology,'" when three teachers
in Georgia taught them a series of lessons, over a period of three weeks.
An assessment of performances was made from workbooks provided for the
childron. and it was found that a reasonable standard of attaimment was

achieved.

Mathematical Content Taught

1. Some invariant properties of an object under the operations of
bending and stretching, without cutting or joining. This is similar
to a body undergoing "elastic motion" and observing the properties,
which remained the same. Tnese propcerties may b2 considered as
some topological properties of an objert. Hcre we considered
the topological equivalences of (2) soiids, (b) sheets, (c) "lines"
and '"networks".

2. We also included: Order and Betweenness, which was illustrated by

"order of sbjects on a string."

Psychological Bases for ‘the Study

1. We used the idea of "proceeding frcm the concrete to the abstiract."
Children ware provided with kits, which contained: four ounces of
plastic clay, ten colored beads and gix pieces of “oy-pipe cleaners,
The material wa. used by the children for making models and com-
paring them for their invariant features (that is, fea*ures which
remained the same) after bending or stretching without cutting or

joining.
2. Piaget’s idea of Reversibility, was used as a basis for the activities
provided. Childreun werc encouraged to carry out the operaticn of
'bending and stretching without cutting or joining'. These exer-
cises provided 'movement of thinking' at the concrete level,
Opportunities at the abstract level were provided in the workbook.
3. Pilaget's idea of conservation was used ps the basis for obtaining
the invariant features of an object under the operation of 'bending

l(: and otretching without cutting or joining. The child had to con-

ERI!
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Procedure

1. Samples: (a) three teachers at the same schocl taught the lessons.

One taught the grade one, another the grade two, and the next the
grade three class. All three teachers were receéptive to the ideas
of the content and cooperated greatly in using the material with

the children, (b) the sample of eighty-eight(88) pupils were with-
in the age range six to nine years. They were distributed as
follows: 29 in grade 1 (6+), 29 in grade 2 (7+) and 30 in grade

3 (8+).

2. Teachlng the Content

A teacher's guide was prepased for assisting with instruction. The
teachers were given a forty-five minute session by the author, on
the content and technique of teaching to be usec. The general
ovtline of the technique of teaching had the following stages.

I. Free play witn material firom children’s kit, Let them make models.
1I. Comparison of models for common features.

I11. Look at pictures in 'vorkbook and compare them for common features.
I1V. Ask questions to direct at¥ention to common features of moudels.
The workbook provided numerous exercises which the children

worked on.

3. Instrument for Obtaining Estimates of Achievement
Some of the etercises in the workbook were tests. We analyzed
the responses in the workbooks, but scores were obtained ouly for
the test exercises.
The material in the workhooks can be broadly clissified into two
areas: {a) exercdses to find out what criteria children of this
experiment used for comparing the given pictures, (L) exercises
to fiad cut if they can match’ objects with common features
(or elements) after bending or stretching without cutiing or
Joining.
The invariant features included in the pictures given in the exercises
were: (a) objects without holes, (b) objicts witau the scre
number of holes, (c) networks with the same distribution of
beads and strings, (d) bYeads in the same order on two or more
strings, (e) closed paths, (f) open paths.

Q
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Activities and Results

I.

II.

O
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Duriaig " free play” with the materral ¢f trhe kit scme of the models

made by the children were.

1 For sovlids, they made (a) animals - dogs, cats, rabbits - all
with four legs, (b) doughnuts, car tires, rirgs{ttey were asked
to make things with one hcle),

7, For “sieets’ they were tcld tc make a flat sheet witn tre plastic
clay, and then mnake things with 1t by bending and stretching it.
They made cockies, plates, bowls, and hats.

3. For 'lines” theyv were asked to bend their toy pipe cleaners
and ma.e letters They made the letters. C, S, N, Z.

4., For “networks  they used beads fur joining pileces ¢f 'pipe
cleanexrs’ . Beads were also placed at the free enas ¢t the
pipe cleaners.

5. For order of things on a string, thev placed four c¢r five beads,
cach of a di1.(erent color on a 'pipe cleaner.’ The pipe cleaner
was theu bent, and the order of the beads were coempared by
observing which bead followed each other.

The abhove activities, which were performed with concrete materisl

were satisfectorily done, and children discovered withcut di1fficulty,

the common features of two mocdels. For exaomple. a dog and a cat
each has four legs; a plate and a bowl are both made frocm a sheet,
the letters C and S are made by bending one piece of wire; two
simi1lar networks have the same number of be<ds and strings; the
order of the beads on a string, was the same, 1n spite of benaing

the string.

The next activity was that the children were given pictures to be
compared. Here 1t was expected that they w:ll use the 1nLvariant
features for explaining how the pictures are the same, Estimates

of their performances were obtained frcm their workbtoks. Children
did find out what these features were and used them. The features
were (a) objects without holes, (b) objects with the same number
vof holes, (c) networks with the same distribution of beads and
strangs, (d) beads 1n the same order in two or more strings,

(e} closed paths, (f) open paths,

Other criateria children used for comparison were. shape, slze,

smoothness, joined, not joined, twisted,
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Responses tc test items(see appendix) were obtained here The

area

(a)

(b)

(c)

Perc

S covered were:

Comparing objects for common features, after bending and
stretching, without cutting or joining. These includead:
solids, sheets.and wires. Items 1 to 6 inclusive of the test
covered this area.

Matching networks with the same number of beads and segments.
This was 1tem 7 of the test.

Testing Order and Betweenness, which was coverea in item 8

of the test.
entages of correct responses were obtained for each of the

different test areas as shown below.

Sample: Gd-1 - 29, Gd. I1 = 29, Gd. III = 30
ITEMS ON TEST PERCENT GAINED BY
__________________ _ — gd. I 11 111
I. Benaing and Stretching witbout |
cutting or joining of:
(a) Solids
Item 1 (See test in Appendix) 58 71 97
ltem 2 61 69 71
Item 3 81 33 77
ltem 4 52 27 71
(b) Sheets
Item 5 8l 71 87
{c) Waire
Item 6 68 71 80
11. Netwcrks Iten 7 37 68 97
1I1. CQrder and Betweenness. Item 8 52 74 79
Items 1,2,3,4 covered exercises on the topological eguivalent of
solids, wusing number of heoles as the criterion. On the whole more
than fi1ftv percent of the children, except in certain cases of the
grade 2 class, gained scores of 50 rercent and more. I1{f we consider
50 percent as our level of satisfactory performance, tten rthe
responses were reasonable.

item 5, which 1nvolved the bending and stretching of a sheet was

used to estimate the topological equivalence of sheets. The per-
centage rangea from 71 for grade 2, to 87 for grade 3. Grasae 1
percent was 81. These were well over cur critericn levet.
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Item 6 was used for thne tcpological equivalence of wires ¢r segments.
The percentages ranged from 6% to 80, which were abcve the criterion
level.
Item 7 on the topological eguivalence of networks had percentages:
37 for grade 1, 68 for grade 2, and 97 for grade 3. Urades 2 and 3
were above the criterion level, but grade 1 was not.
Item 8 =i Order and Betweenness had percentages. 52 for grade 1,
74 for grade 2, and 79 for grade 3. These werc abcve the criterion
level.

Discussion

O

ERIC
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Among the several variables affecting the scores, were- teacher
competence time spent by children on the material, and understanding
of material, which involves reading competence of childresi and under-
standing of mathematical conrepts.,

With respect to teacher competence, a teacher’s guide was provided
and a forty-five minute orientation session was given. Though the
teachers expressed understanding of the material, 1t was felt thet
since the topic was new, they would have felt mcre confident, 1f
they had a course on "intuitive topology.™

Concerning the time spent on the program by the chilaren; Grade

111 had ten half-hour sessions. Their perfcrmance was satisfactory.
The Grade 11 class spent fifteen twenty minute sessions, Their
scores were the lowest in many cases of the three grades and this
may be because of the shorter sessions. Another factcr, which
contributed to the low scores of Crade Il, was the high 1ate of
absentism. Grade 1 spent fifteen half-hour sessions and 1n some
cases gave better performances than the Grade Il class.

For understanding of the material, some of the reading involved

was, beyond the Grade I level. Thus this affected the scores. The
teacher of the Graze 1 class explained that the c¢ral responses of
her class were better than their written answers. The scures of the
Grade 11 class were also affected by the reading involved., They
scored better on the non-verbal items.

On the scores themselves, using the criterion level of cbtaruing a
score of at least fi1fty percent on each exercise, the distribution

of all the grades except 1n a very few cases, were satisfactory.

(91



From the above we conjecture that the material, which was prepared
by using some psychological bases, seems suitable fcr children in
the age range six to nine years,
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APPENDIX 1 TEST 1TEMS

Draw different things which we can make from picture A by bending
and stretching without cutting or joining,

A

a) - b)

i J

Draw a mark arcund the things which we can make froum p:cture A b.
bending or stretching without cutting or joining.

A g . b T
21 7 =l

Match the one 1n A tc the one
stretching withou. cutting or

Dle@E) ° | e

in B which you caa get bv bend:ng or
joining.

50| (b [EN

.

Can vou get picture B from picture A by bending cr stretching with-

out cutting cr jeining? Pt a ring around. ves, 1o, o' 1 aon-t
know.
A B—— yes A ves
Al ¥ B
I aon -t know 00 @' 1 aon’
1
: know

Draw a line from picture A to all the pictures which veu can make
by bending or stretching but nct cutting or jouining

stletuhxng

Draw three things which you cin make by bendlug or
picture A, but nout cutting or jcining.

A

s

A

| —

|

Match the pictures wh.ch are tre same frum the

co | |

nel~.

twe

S RUIA LY (MR LAY

N

Draw the missing things to make all of these pictures louk the samc

A

q” "\

A -

as picture A.
-
'.
1?
e



